Mg-Ti-H thin films exhibit interesting optical and electrical properties, offering a wide range of possible applications from coatings on solar collectors and smart windows to optical hydrogen sensors and semiconductor devices. However, Ti is known to be immiscible in Mg, and the microstructure of Mg-Ti thin films is not fully understood. In this work density functional theory calculations were used to investigate the Mg 100−y Ti y system with 1.56Յ y Յ 98.44. The crystal structure, mixing enthalpy, and electronic structure were compared for two different distributions of Ti: quasirandom and segregated. It was found that although the crystal structures did not differ significantly, the formation enthalpy per Ti atom was lowered by up to ϳ0.5 eV when Ti was arranged in nanoclusters. This gives support to previous experimental findings of chemical short-range order in Mg-Ti thin films ͓R. Gremaud et al., Phys. Rev. B 77, 144204 ͑2008͔͒. As a consequence of the decrease in the mixing enthalpy upon clustering the occurrence of short-range chemical order in all reported metastable Mg-Ti alloys with extended solubility is proposed. Further inquires into the influence of the size of the clusters revealed that the mixing enthalpy reaches a minimum after which further growth makes little difference, indicating that the phenomenon of nanoscale clustering must be understood separately from the larger scale phase separation occurring in an equilibrium process. The relaxed crystal structures were compared to experimental values from several sources and lattice-parameter variations as well as deviations from Vegard's law were discussed. Dependence of the size and shape of the nanoclusters on synthesis method is offered as an explanation for the large variation among the experimental lattice parameters. Local density of states calculations illustrated how segregated Ti forms a local environment resembling pure Ti while it was necessary to perform Bader analysis in order to obtain the correct picture of the charge transfer between Mg and Ti. Randomly distributed Ti atoms affect the charge distribution severely and the further the Ti atoms are apart the larger is the charge transfer from Mg. It was shown that a very limited amount of Ti nearest neighbors is sufficient for Ti to experience an imitation of elemental state, removing the driving force for further nucleation.
I. INTRODUCTION
With the discovery of switchable mirrors by Huiberts et al. in 1996 ͑Ref. 1͒ a new group of materials with remarkable optical properties has emerged. It was found that upon hydrogenation La and Y thin films go through drastic optical changes, from reflecting in the metallic state to transparent in the hydride state. Later this has been seen for several other compounds as well, [2] [3] [4] [5] including the Mg-Ti-H system. 6 The tunable electrical and optical properties of Mg-based thin-film hydrides make them interesting for a variety of applications. One example is the possible use of thin-film hydrides as switchable absorbers in solar collectors. 6 Another example is switchable coatings for smart windows, where there is a potential for significant reduction in energy losses through building windows. The band gap exhibited in many hydrides also represents possibilities in semiconductor electronics, for instance in p-n junction-based electronic devices such as solar cells. 7 Furthermore the hydride thin films have an obvious application as optical hydrogen sensors. 8 The optical changes related to hydride formation can also be utilized in the search for suitable new hydrogen-storage materials. Employing the hydrogenography technique 9 a compositional gradient film can be used to map the formation enthalpy of thousands of alloy compositions in a single experiment.
Mg is a particularly interesting hydrogen-storage material due to its low weight with a theoretical hydrogen-storage capacity of 7.7 wt % H. Unfortunately the high thermal stability and slow kinetics make it unsuited for practical use. Extensive effort has been put into circumventing these problems [10] [11] [12] [13] [14] and in 2005 excellent hydrogen-storage capacity was reported for Mg-Ti-H thin films of different compositions by Niessen et al. 15 The geometric structure of such compounds is not obvious, neither with nor without H, as the solubility of Ti in Mg is known to be very limited. Further investigations by Rutherford backscattering spectrometry, x-ray diffraction ͑XRD͒ and transmission-electron microscopy suggested a coherent structure; the samples were found to be single phase crystalline from before hydrogen absorption throughout to after hydrogen desorption. 16 An in situ electrochemical XRD study of ͑de͒hydrogenation of thin films by Vermeulen et al. 17 further supported the hypothesis of only one phase present in the samples. They concluded that if Ti is segregated from Mg it must be in small particles of sizes below the XRD detectable range. Indeed, evidence for such chemical short-range order was found from simulation of optical isotherms obtained by the hydrogenography technique in a study by Gremaud et al. 18 in 2008. Recently this was further verified by a combination of x-ray diffraction and extended x-ray absorption fine-structure spectroscopy. 19 Vapor deposited Mg 100−y Ti y samples with y up to 25.3 have been investigated by x-ray photoelectron spectroscopy by Mitchell et al. 20 Auger parameter measurements and charge-transfer calculations indicated charge transfer from Mg to Ti. Experimental lattice parameters were reported for the compositions 1.7Յ y Յ 21.8. Vermeulen et al. 21 also determined the lattice parameters of similar samples with y = 10, 20, and 30. dc/rf sputtered samples were measured with and without hydrogen using in situ x-ray diffraction. In all above cases the as deposited samples had a hexagonalclosed-packed structure similar to the structure of pure Mg and Ti. For the hydrides, however, a face-centered-cubic symmetry was found for the hydrogenated Mg 70 Ti 30 and Mg 80 Ti 20 compounds while the unit cell of hydrogenated Mg 90 Ti 10 was body-centered tetragonal.
Due to the immiscibility of Ti in Mg there is limited density functional theory ͑DFT͒ work done on this system. Recently the hydride phase of Mg-Ti thin films was investigated by DFT calculations by Pauw et al. 22 and Er et al. 23 It was found that above a transition point at 20 at. % Ti the Mg-Ti hydride changes from the body-centered-tetragonal structure of pure MgH 2 into a face-centered-cubic structure similar to that of TiH 2 , consistent with the experimental findings cited above. 21 In the present work a modeling study of the Mg-Ti alloy system is carried out using DFT. It is investigated how different arrangements of Ti in Mg influence the total energy and the structural parameters. Details of the calculations are described in Sec. II. Results are presented in Sec. III with focus on formation enthalpies and relaxed crystal structures in the first part and electronic structure in the second part.
II. COMPUTATIONAL METHODS
DFT calculations were performed using the Vienna ab initio simulation package ͑VASP͒. 24, 25 The Kohn-Sham equations were solved using a basis of projector augmented wave functions 26 with a plane-wave energy cut-off of 350 eV. The Perdew-Burke-Ernzerhof 96 generalized gradient approximation was used for the electron exchange-correlation functional. 27 The criterion for electronic convergence was a change in the total energy less than 10 −5 eV. Calculations were done for Mg 100−y Ti y with compositions 1.56Յ y Յ 98.44. The compositions with y Ͼ 50 were mirrored versions of the corresponding compositions with y Ͻ 50. Parallel calculations were performed for Ti distributed both quasirandomly and arranged in nanoclusters. The standard hexagonal structure of Mg was used as a starting point. For most calculations a 4 ϫ 4 ϫ 2 Mg unit cell was used, containing 64 atoms. In the quasirandom calculations the Ti atoms were distributed in the 64 atom cell at random. The number of Ti atoms in the first coordination sphere of Ti N Ti-Ti ranged from 0 when y = 1.56 to Ͻ2 for y = 0.25. Most of the models of segregated Ti were constructed by using planes of four Ti atoms stacked together in the a direction while a more quadratic shape was used for the composition with y = 25. These first segregated models were labeled original. Figures showing segregated and quasirandom distributions can be found in Sec. III. There are many ways to construct segregated clusters and calculations were also performed for certain alternative nanoclusters of Ti, as will be explained later. In the segregated case it was necessary to use a 4ϫ 4 ϫ 3 Mg unit cell containing 96 atoms for the compositions with 25 at. % Ti. This was done in order to avoid unphysical configurations such as slabs or sheets of Ti. A 5ϫ 5 ϫ 7 Gamma sampling of k points was used to model the Brillouin zone for the cell containing 64 atoms and a 5 ϫ 5 ϫ 5 sampling was used for the cell containing 96 atoms.
Structural optimizations were performed with volume, lattice parameters, and atom positions allowed to change simultaneously. The break condition for the relaxation loop was set to forces Ͻ−0.05 eV/ Å. The mixing enthalpy of the alloys was calculated as follows:
where E Mg 100−y Ti y , E Mg , and E Ti are the calculated energies of alloy, pure Mg, and pure Ti, respectively. In this work the mixing enthalpy per Ti atom was used for comparisons between the different compositions. Isosurface plots were generated with the VASPVIEW program.
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III. RESULTS AND DISCUSSION
A. Structure and mixing enthalpy
The mixing enthalpies were calculated for both the quasirandom and the nanocluster case. Figure 1 reveals that on the Mg-rich side of the scale the formation enthalpy per Ti atom is, in fact, systematically lowered by as much as ϳ0.5 eV when Ti is arranged in nanoclusters. The availability of data for comparison appears to be rather limited. In the work of Rowlands et al. 29 the total energy per atom was calculated as a function of short-range order for Cu 50 Zn 50 using a charge self-consistent Korringa-Kohn-Rostoker nonlocal coherentpotential approximation method. For the whole range from ideal ordering to ideal clustering the change in energy was in that case only ϳ0.03 eV with ordering being more stable. Here one should note that Cu and Zn are not immiscible like Mg and Ti.
The substantial gain in energy upon segregation supports the findings of chemical short-range order presented in the work of Gremaud et al. 18 and Baldi et al. 19 This is also in agreement with the general tendency in equilibrium thermodynamics according to which phase separation is more favorable than mixing for Ti and Mg. Nevertheless it is worth contemplating the implications of the calculated results. In its most simplified representation the early stages of precipitation can be thought of as a battle of surface tension against enthalpy. From our calculations, where even segregation of just a handful of Ti atoms results in a significant reduction in the total mixing enthalpy, it becomes clear that the surface tension comes up short already from the beginning. In the literature nucleation and surface tension in condensed-matter physics are treated and understood mainly at a phenomenological level. Although models have been proposed to deal with some of these aspects from first principles, 29, 30 a comprehensive understanding at the level of electrons and atomic nuclei seems yet to be established. There appears to be no previous reported atomistic studies of Ti clusters of this scale. In the following the influence of size and shape of the clusters will be investigated in order to shed more light on the nature of this nanoscale precipitation.
As a first consequence of the calculated gain in energy we can propose that short-range chemical order occurs in all reported Mg-Ti samples with extended solubility. 20, 31, 32 An inherent tendency for Ti clustering in the Mg-Ti system can for instance help explaining the lack of success in obtaining significant improvements in the overall corrosion behavior of Mg-Ti PVD alloys. Ti has a more positive corrosion potential compared to Mg and its presence as a solute in a Mg matrix is expected to ennoble the alloy. However, the presence of Ti nanoclusters and subsequent galvanic phenomena at the nanoscale provide a good explanation for the difficulties in producing reliable corrosion resistant Mg-Ti alloys.
To explore the benefit of segregation of Ti atoms more thoroughly, calculations were performed for a variety of alternative nanoclusters. In order to analyze differences in formation enthalpy the average number of Ti in the first coordination sphere around a Ti atom N Ti-Ti was calculated, see Table I . The first coordination sphere was defined to contain the 12 nearest-neighbor atoms, giving N = 12. For 6.25 at. % Ti calculations of a more symmetric and more close-packed Ti cluster resulted in a lowering of the mixing enthalpy per Ti atom by 0.08 eV. For 25 at. % Ti on the other hand, the mixing enthalpy per Ti atom differs by less than a tenth of this value, even though the relative difference in N Ti-Ti between the two compositions was not correspondingly large. However, the shape of the cluster was fundamentally altered in the case of 6.25 at. % Ti causing a change in N Ti-Ti for all the Ti atoms while for the larger cluster in the 25 at. % Ti composition the changes mainly involved atoms close to the Ti-Mg interface, leaving Ti atoms in the center of the particle unchanged. Taking a systematic approach the original cluster of the 12.5 at. % Ti composition was split into two equal parts and separated in the ab plane. The new model was labeled two parts. Figure 2 shows the first three models for the 12.5 at. % Ti composition. As can be seen in Table I the splitting of the cluster in two halves causes the mixing enthalpy to increase with 0.13 eV. Hence higher N Ti-Ti values are found to give a lower value for the mixing enthalpy but as seen above the effect appears to decline with increasing cluster size. Figure 3 shows the mixing enthalpy as a function of s for a number of different compositions and cluster configurations, see Table I for details. Rather than approach- ing 0 eV for increasing cluster size, the mixing enthalpy appears to reach a minimum somewhere between 0.2 and 0.1 eV. Obviously, at some point the surface area of a ͑spherical͒ cluster becomes small compared to the volume. The fact that this serves to attenuate the gain in energy upon further segregation, rather than to speed up the process comes as a bit of a surprise. Normally the free energy of formation of a nucleus as a function of its radius will have a concave shape, resulting in a critical radius above which growth of a nucleus lowers the free energy. Below the critical radius the cost of creating the interface, the surface tension, outweighs the gain in bulk free energy and hinders nucleation. In the Mg-Ti system, however, the situation appears to be opposite. The Mg-Ti interaction seems to favor segregation, making the interface between cluster and matrix a driving force for nucleation rather than against. We will return to this when addressing the electronic structure of the system in Sec. III B. Table I also gives N Ti-Ti values presented in the work of Gremaud et al. 18 Their chemical short-range order parameters s was transformed into N Ti-Ti by the equation
where ͑1− y͒ is the atomic fraction of Mg and N is the total number of atoms in the first coordination sphere. Figure 4 shows s as a function of composition for both calculated and experimental data. The nanocluster models constructed in this work are found to correspond rather well to the level of chemical short-range order found experimentally. In the data by Gremaud et al. 18 the slope of the chemical short-range order is, in fact, found to decrease with Ti content, although approaching a somewhat higher s value than predicted in Fig. 3 . However, the decrease in s value observed by Baldi et al. 19 is more curious. From our modeling results it is evident that segregation of Ti will only represent a gain in energy up to a certain point but there is nothing to indicate such a decrease in s. This suggests that the trend in the chemical short-range order found by Baldi et al. is a result of a trade off between the lowering of energy by segregation of Ti and the kinetic restrictions of the system. As no overall phase separation is found experimentally, one can assume that solid-state diffusion of Ti at ambient conditions is negligible. Thus the window of segregation will be related to the sputtering process itself. Thus the decrease in s value with composition found by Baldi et al. can possibly be explained by the fact that the sputtering rate was increased with the amount of Ti, leaving the Ti clusters less time to grow.
Lattice parameters were calculated for quasirandom and segregated distributions with different Ti contents. Figure 5 shows the deviations from Vegard's law. Some of the calculated unit cells deviate slightly from the original hexagonal symmetry, all with differences between the a and b axes less than 0.01 Å and angular deviation within 1°of perfect hexagonal shapes. This is within the uncertainty limit of the method 38 and can be considered hexagonal. The limited size of the model unit cell will in some cases cause artificial symmetry breaks, yielding different a and b axes. Therefore, an average of the a and b axes is used in the figure. The plots in Fig. 5 reveal a convex deviation from Vegard's law. Also included in the figures are several experimental values reported in the literature. There appears to be considerable variations even among real samples with comparable content of Ti.
The differences in s values for the two experiments in Fig.  4 illustrate how the size ͑and probably shape͒ of the nanoclusters is likely to be affected by the method of synthesis. This realization may very well be the key to understanding the diverging experimental lattice parameters presented in Fig. 5 , where samples were prepared both by dc/rf sputtering, 21 physical vapor deposition, 20 and different variations in ball milling. 31, 32, 37 Different techniques leading to different Ti distributions may, in turn, lead to differences in lattice parameters. Another feature in Fig. 5 is the deviation of both experimental and calculated lattice parameters from Vegard's law. Can this also be rationalized along the lines discussed above? Just by considering the boundary conditions of binary mixing, namely, solid solution and complete phase separation, one would expect Vegard's law to work better the closer the system is to solid solution. A model for calculating the lattice parameters as a function of composition and short-range order in alloys was proposed already by Dienes 39 in 1958, showing some influence of ordering on departures from Vegard's law. Later, several examples of relations between dimensional variations and local ordering have been found experimentally, as presented in the review by Povolo and Mosca. 40 Thus the variations in experimental cell parameters and the failure to obey Vegard's law both in calculations and experimentally further support the occurrence of nanoclustering in the Mg-Ti system.
The segregated configuration displays an increase in volume relative to the quasirandom configuration for all concentrations of Ti. Thus there appears to be something in the mixing of Ti and Mg that leads to a negative deviation from Vegard's law, which is again counteracted by the formation of nanoclusters. Another interesting detail can be observed for the simplest case, the 1.56 at. % Ti composition with just a single Ti atom in the calculated unit cell. From Fig. 5 it can be seen that the calculated a axis is only slightly shorter than the value predicted by Vegard's law while the c axis shows a significant negative deviation. Thus already in the quasirandom substitution of Ti in Mg there is an intrinsic effect causing the c axis to decrease more than the a axis. If considering the compositions Ͻ20 at. % Ti it is clearly seen that arranging Ti in moderate nanoclusters is opposing this intrinsic decrease in the c axis. The composition 98.44 at. % Ti with a single Mg atom in a Ti matrix does not show the same degree of asymmetry in the deviation of the a and c axes. We will return to this point in the following section.
B. Electronic structure
The Hume-Rothery rules are frequently used to evaluate the occurrence of solid solubility. As Mg and Ti score high on three out of four criteria; they both have the same crystal structure, the atomic radii differs by less than 15% and the electronegativities are similar, the lack of solubility may come as a surprise. However, this leaves the criterion regarding valency, warranting an investigation of the electronic structure of the system. In the following section it is shown how the electronic structure changes between the two different models. Figure 6 gives total density of states ͑DOS͒ and integrated total DOS for two different compositions. The segregation causes the valence states to retract from the Fermi level compared to those of the quasirandom distribution. The valence electrons are thus more strongly bonded as a result of segregation; this difference is larger the higher the content of Ti.
To investigate the local environment of different atoms in the segregated case local DOS was calculated using covalent radii as the Wigner-Seitz radii for the atoms, r͑Mg͒ = 1.41 Å and r͑Ti͒ = 1.60 Å. 41 Figure 7 shows an example of local DOS plots for 25 at. % Ti. Single Ti atoms in different sites are compared to the pure element. Figure 8 shows the corresponding results for Mg. For the Ti s states it is clearly seen how the Ti atom in the middle of the nanocluster resembles elemental Ti while the Ti atom at the interface has an s state very close to that of Mg. For the Ti p and d states the situation is the same, only with the states of the Ti atom in the middle of the nanocluster shifted away from the Fermi level compared to elemental Ti. In the Mg case the p states of the Mg atom without Ti neighbors are shifted toward the Fermi level. At first glance it may look like the Mg atom near the interface of the nanocluster is actually resembling elemental Mg more. However, a more careful consideration reveals that this is probably from the influence of the Ti p state, which has a peak at approximately the same energy.
What can be suspected from the DOS plots in Figs. 7 and 8 and confirmed from the integrated total DOS of all Ti atoms ͑not shown͒ is that both in the quasirandom and the nanocluster case Ti seems to have lost states to Mg. However, charge transfer from Ti to Mg is inconsistent with their electronegativity values and indicates that the topic should be investigated more closely. Bader analysis was carried out to describe single atoms in an alternative way. 42 In this approach the atoms are confined in volumes which surfaces are drawn perpendicular to minima in the charge density. While using a sphere for each atom leaves the voids in between unaccounted for, the Bader division will be able to pick up most of the charge present in the unit cell. Figure 9 shows the results for three different 12.5 at. % Ti models. Contrary to what was seen above, the Bader analysis shows that mixing Mg and Ti leads to charge transfer from Mg to Ti, thus Bader analysis was necessary to obtain a correct picture of the charge transfer in this system. Charge transfer from Mg to Ti is in agreement with their electronegativity values and the experimental findings of Mitchell et al. 20 The further a Ti atom is placed from another Ti atom, the more charge is drawn from Mg. It is clear that a sole Ti atom in a Mg matrix behaves very differently from a Ti atom in a Ti matrix. A Ti atom in the middle of a nanocluster ͑N Ti-Ti =12͒ has the least charge, less than that of the pure metal. By looking at the calculated average charge it is clear that the segregation affects the charge of both Mg and Ti in a way that brings it closer to the values for pure metals. The difference between the quasirandom and the nanocluster models is already considerable for the nanocluster consisting of only eight Ti atoms in a 64 atoms unit cell. Increasing the unit cell to 288 atoms with a nanocluster of 36 Ti atoms results in only minor adjustments. This corresponds very well to the flattening of the curve in Fig. 3 . Evidently a limited amount of Ti nearest neighbors is enough for Ti to experience an imitation of elemental state and thus the gain in energy upon further segregation becomes negligible.
Finally the difference in charge density between the alloy and the procrystal ͑a hypothetical material of noninteracting atoms with the same crystal structure͒ has been calculated. The largest drain of charge is found in the interstitial sites between Ti atoms inside the nanoclusters while the largest gain is around the Ti cores. The former helps explain the diverging results for the charge of local atoms presented above. Charge is also lost from the interstitial sites between Ti and Mg atoms at the interface as well as from the interstitial sites in the Mg rich area. Figure 10 shows isosurface plots of the charge difference for the quasirandom and nanocluster model with 12.5 at. % Ti. It offers a possible explanation for the previously mentioned asymmetry in the deviation of the a and c axes from Vegard's law. In the quasirandom arrangement the isosurface of a single Ti atom shows a distinct elongation in the c direction. However, placing just a few Ti atoms together in two layers in the c direction shaves off this elongation completely. This illustrates in yet another way how single Ti atoms in a Mg matrix behaves differently from Ti in elemental Ti. As stated above this can be counteracted even by Ti clusters of very limited size. However, the charge difference plots suggests that the orientation of the clusters is not indifferent, favoring bonds in the c direction. The corresponding structures with 12.5 at. % Mg do not show any clear orientational effects.
IV. CONCLUSIONS
Density functional calculations were used to investigate the Mg 100−y Ti y system with compositions 1.56Յ y Յ 98.44. The crystal structure, mixing enthalpy, and electronic structure were compared for two different distributions of Ti: quasirandom and segregated. It was found that although the relaxed crystal structures did not differ significantly in the two cases, for the Mg rich compositions the mixing enthalpy per Ti atom was lowered by ϳ0.5 eV when Ti was segregated into nanoclusters. This is in correspondence with experimental findings of chemical short-range order in the same material system. 18 As a consequence of the decrease in the mixing enthalpy upon clustering we propose the occurrence of shortrange chemical order in all reported Mg-Ti samples with extended solubility limit. The substantial gain in energy upon clustering of only a few Ti atoms is in itself surprising considering the overwhelmingly large surface to bulk ratio of such particles. Further investigation revealed that the mixing enthalpy does in fact reach a minimum after which further increase in cluster size is of no consequence. This suggests that there is no direct transition between this formation of nanoclusters and the larger scale phase separation occurring in an equilibrium process.
The relaxed crystal structures were compared to experimental values from several sources and lattice-parameter variations as well as deviations from Vegard's law were discussed. Dependence of synthesis method on the size and shape of the nanoclusters is offered as an explanation for the large variation in the different experimental lattice param- eters. Variations in cluster size and shape due to variations in sample preparation will in turn lead to variations in lattice parameters and inevitably to deviations from Vegard's law.
Electronic density of states calculations revealed that the electrons are more strongly bound in the nanocluster model than the quasirandom model. Local DOS calculations illustrated how segregated Ti forms a local environment resembling pure Ti while it was necessary to perform Bader analysis in order to obtain the correct picture of the charge transfer between Mg and Ti. Charge is transferred from Mg to Ti, consistent with their electronegativity values. Randomly distributed Ti atoms affect the charge distribution severely and the further the Ti atoms are apart the larger is the charge transfer from Mg. Thus, when Ti atoms are arranged in nanoclusters it helps both Ti and Mg to create a local environment resembling the elements in their pure state. The difference in charge transfer between the quasirandom and the nanocluster models is already considerable for the nanocluster consisting of only eight Ti atoms in a 64 atoms unit cell. Quadrupling the unit cell resulted in only minor adjustments, showing that a very limited amount of Ti nearest neighbors is sufficient for Ti to experience an imitation of elemental state and thus the driving force for further nucleation vanishes. Interpreting charge difference calculations in view of changes in the c / a ratio upon clustering suggested that there may also be a preferential orientation of the Ti-Ti bonds, along the c axis.
From the present work it is clear that Ti behaves markedly different in solution and in elemental form and that the microstructure of Mg-Ti solid solutions is formed in a complex process involving several factors. Inherently connected to the presence of single Ti atoms in a Mg matrix is some unwanted electronic behavior which the system opposes by clustering of Ti. However, the fact that just a handful of Ti atoms will do to achieve the desired effect indicates that the phenomenon of nanoscale clustering must be understood separately from the larger scale precipitation occurring in an equilibrium process. On top of this comes variations in cluster size and shape due to variations in sample preparation, which will in turn lead to the variations in lattice parameters seen for real samples. *i.j.t.jensen@fys.uio.no
